Current absolute branching fractions of Λ + c and D + s mesons are limiting the determination of important physics observables. These branching fractions have only been measured at e + e − colliders. Here techniques for measuring them at hadron colliders are discussed. The precision determination of Λ + c → pK − π + seems possible with current data, however the corresponding determination of D + s → K + K − π + will require more integrated luminosity.
Introduction
Accurate absolute branching fractions of Λ . Thus far all absolute branching fractions of charmed hadrons have been measured at e + e − colliders [1] .
2 The determination of the absolute Λ + c branching fraction
The Λ + c → pK − π + decay mode provides the largest sample of events for branching fraction measurements due to its relatively large value and comparably large detection efficiency with respect to other modes. The current directly measured branching fractions are shown in Table 1 , along with their weighted average. 1 The current uncertainty is 5.3%, larger than required for precision measurements. − π + ). The first uncertainty is statistical and the second systematic. The average is computed adding these in quadrature and assuming that the systematic uncertainties are uncorrelated.
Exp.
B(Λ + c → pK − π + ) (%) Belle [2] 6.84 ± 0.24 +0.21 −0.27
BESIII [3]
5.84 ± 0.27 ± 0.23 Wgt. Avg.
6.23 ± 0.33
One solution to the problem of how to perform an absolute branching fraction measurement at hadron colliders is to find a b-hadron decay that allows determining the yield including all Λ + c decays, and also finding the same decay into a specific Λ + c final state, such as pK − π + , though any mode can be used. Methods to reconstruct b-hadron decays with a single missing massless particle have been used for semileptonic decays, e.g.
, and are updated below for a missing heavy particle. Specifically, let us consider a B meson decaying into a Σ c (2455), a p and possibly additional charged pions, with a subsequent strong decay of the Σ c (2455) into π ± Λ + c . Promising modes with their measured branching fractions are listed in Table 2 .
2 Note that the Σ c (2455) 0 mass of 2453.75 ± 0.14 MeV is nearly equal to the Σ c (2455) ++ mass of 2453.97 ± 0.14 MeV. We also list related decays of the Λ 0 b baryon. As far as the signal 1 Note that the weighted average value accidentally is exactly the same as the PDG fit [1] . 2 Mention of a decay mode implies the use of the charge-conjugate mode as well. 1 yields are concerned, the Λ 0 b decay branching fractions are of the same order as that of the B mesons, but the Λ 0 b production fraction is substantially lower. There are many potential background channels. In the case of the B meson decays, the presence of the proton limits these. Table 2 : Measurements of useful B(B → Σ c (2455)X) decays [1] .
The topology for the decays under consideration are shown in Fig. 1 . Let us first consider the case where we do not attempt to find the Λ + c decay. Taking the B direction as the z-axis, and having a p plus at least one additional charged pion not from the Σ c (2455) decay, the energy and momentum conservation equations can be written as assuming only one pion and a pion from the Σ(2455) decay (π Σ ): There are four unknowns E B (or p Bz ), and the three momenta of the missing Λ + c , if we assume that the missing momenta is to be paired with the mass of the Λ + c . The solution of these equations is derived in Appendix A, resulting in
where
There is a two-fold ambiguity. This technique can be applied directly to the decay without a Σ c intermediate state, e.g.
with a branching fraction of (1.0 ± 0.1) × 10 −3 [1] . However the two fold ambiguity could be a serious issue in performing a precision measurement. The statistical limitation on the branching fraction measurement will be the smaller sample of fully reconstructed events. LHCb measured a yield of 25 ± 6 events in the sum of the modes
TeV pp collision luminosity [7] . Analyzing the full Run-I sample of 3 fb −1 should yield 2140. The branching fractions for these modes sum to 8.9 × 10 −4 , while the five B meson modes also shown in Table 2 sum to 10 −3 . Since the event topologies are similar, we can extrapolate the yields to the current LHCb data sample corresponding to 9 fb −1 . In Run-2 the integrated luminosity was 6 fb −1 , the b cross-section is doubled, and the ratio of Λ 0 b production to the sum of the B 0 or the B + is about 1/4. (Also, the LHCb trigger has been improved since the initial data taking, but this has not been included.) Therefore, we predict ∼20 000 signal events in the sum of all five of the B meson decay modes, yielding a possible statistical uncertainty on the Λ + c → pK − π + branching fraction of about 0.7%, if the background is small in the fully reconstructed modes, which is already indicated by the LHCb measurement [7] .
The largest systematic uncertainties in the fully reconstructed sample come from only the Λ + c decay tracks, since the other tracks are the same in the inclusive modes. Tracking and particle identification efficiencies are each at the level of 0.7% per track. These can be added in quadrature and then summed over the three tracks, giving about a 2% systematic uncertainty. This is much better than the current 5.3% uncertainty. There will be additional small errors due to the relative event selection of different Λ + c decay modes, the relative trigger efficiencies, the signal fitting technique, etc.. The analysis will need to be carefully thought through to minimize these uncertainties. It is also possible that studies with greater statistics will allow the tracking and particle identification uncertainties to be lowered.
Key then to the usefulness of this technique are the backgrounds in the missing Λ For the fully reconstructed sample there are standard techniques to reduce backgrounds to a minimal level while still maintaining good efficiency. Here the candidate reconstructed B meson mass is plotted after a fit to the decay vertex and pointing to the primary vertex is applied [8] . To distinguish signal from background in the inclusive sample a similar fit can be done with the addition of a Σ c mass constraint (see Eqs. 8, 12, and 13), and then view the missing mass squared which for signal peaks at m
We expect only one solution will satisfy the Σ c mass constraint, and the resolution on M M 2 will be improved. It will depend strongly on the flight distance of the B meson, since the B decay vertex resolution is mostly independent of the flight distance. Therefore, the flight distance requirement will have to be chosen wisely as a balance between the statistical and systematic uncertainties.
Measuring the D
Here we try and apply the above techniques to find a method for measuring the D Decays that can be used along with the above mentioned techniques, with potentially large branching fractions, are sample of LHCb data collected in 7 TeV pp collisions. This scales to 300 events for all the Run-1 plus Run-2 data. Clearly not statistically powerful enough to make a precision measurement. Perhaps one should expect an equal or larger event yield from the three pion mode. This measurement will be possible in the LHCb Upgrade I, where 50 fb −1 will be collected and the hadronic trigger efficiency will almost double. It is also possible to add other D + s decay modes., but these will each have smaller yields and larger backgrounds. Hopefully, BESIII or BelleII can determine this quantity better before then.
Conclusions
In conclusion, several possibilities are discussed for measuring an absolute branching fraction of the Λ s branching fraction measurement of good precision, however, will take much more data then currently available.
After this paper was submitted, we became aware of a similar approach using only the decay B − → Σ c (2455) ++ pπ − π − . In addition, for the case where the Λ + c is not fully reconstructed, kinematic restrictions designed to reduce background from some channels were studied [13] . These authors were the first to consider using the Σ ++ c decay to make the Λ + c absolute branching fraction measurement. I thank Marina Artuso and Steve Blusk for useful discussions. Support for this work was provided by the U. S. National Science Foundation.
Appendix A: Solution of Eq. 1
For simplicity, we define
, because p Bx = p By = 0 we can write 
where A refers to either the p or a p plus π Σ combination, and p π Σ refers to the pion from the Σ c decay. Putting this together
